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Abstract
Background—Colorectal cancer (CRC) screening reduces mortality yet remains underutilized.
Low health literacy may contribute to this underutilization by interfering with patients’ ability to
understand and receive preventive health services.
Purpose—To determine if a web-based multimedia CRC screening patient decision aid,
developed for a mixed-literacy audience, could increase CRC screening.
Design—RCT. Patients aged 50–74 years and overdue for CRC screening were randomized to
the web-based decision aid or a control program seen immediately before a scheduled primary
care appointment.
Setting/Participants—A large community-based, university-affiliated internal medicine
practice serving a socioeconomically disadvantaged population.
Main Outcome Measures—Patients completed surveys to determine their ability to state a
screening test preference and their readiness to receive screening. Charts were abstracted by
masked observers to determine if screening tests were ordered and completed.
Results—Between November 2007 and September 2008, a total of 264 patients enrolled in the
study. Data collection was completed in 2009, and data analysis was completed in 2010. A
majority of participants (mean age 57.8 years) were female (67%), African-American (74%), had
annual household incomes of < $20,000 (76%), and had limited health literacy (56%). When
compared to control participants, more decision-aid participants had a CRC screening preference
(84% vs 55%, p<0.0001), and an increase in readiness to receive screening (52% vs 20%,
p=0.0001). More decision-aid participants had CRC screening tests ordered (30% vs 21%) and
completed (19% vs 14%), but no statistically significant differences were seen (AORs 1.6 [95%
CI 0.97, 2.8] and 1.7 [95% CI 0.88, 3.2] respectively). Similar results were found across literacy
levels.
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Conclusions—The web-based decision aid increased patients’ ability to form a test preference
and their intent to receive screening, regardless of literacy level. Further study should examine
ways the decision aid can be combined with additional system changes to increase CRC screening.
Background
Colorectal cancer (CRC) is the fourth most common noncutaneous cancer in the U.S., and
the second-leading cause of cancer death.1 In order both to prevent CRC and reduce its
associated mortality, several national organizations recommend routine CRC screening
beginning at age 50 years.2;3 A variety of CRC screening tests are cost effective, giving
patients and clinicians a choice of screening options.4
Despite the widespread recommendations for routine screening, CRC screening remains
underutilized in the U.S. Approximately 40% of Americans aged 50–75 years remain
unscreened.5 Barriers to CRC screening include patients’ unawareness of the threat of CRC
or the benefits of screening, negative attitudes toward specific CRC screening tests, and lack
of confidence in their personal ability to complete a complicated screening procedure.6–8
For the one third of Americans with limited health literacy skills, these barriers may be even
greater.9–11
Decision aids can overcome these barriers by informing patients of screening options,
correcting misperceptions, and encouraging patient–clinician communication.12 However,
most patient oriented materials are written at advanced grade levels inaccessible to limited
literacy patients. A study of over 170 published patient education materials found that only
5% were written at or below the 6th-grade level.13 In addition, a recent systematic review of
web-based cancer decision aids found that none were written at less than the 8th-grade level,
and only one third incorporated audio or video components.14
A well designed, multimedia decision aid may help overcome health literacy barriers by
incorporating video, graphics, animations, and audio narratives using easy-to-understand
language. Computer-assisted programs also can incorporate interactivity to engage the user
and target the content delivered. Because even highly literate patients prefer easy-to-
understand words and illustrations, a decision aid targeting low-literacy patients is likely to
be well accepted by all.15 For these reasons, it was hypothesized that a web-based decision
aid developed for a mixed-literacy audience would increase CRC screening in both low- and
adequate-literacy patients. This hypothesis was tested in an RCT in a large medical practice.
Methods
The study was conducted at a community-based university-affiliated internal medicine
faculty–resident practice serving a primarily socioeconomically disadvantaged patient
population. The Wake Forest University IRB approved the study protocol, and all
participants provided written informed consent.
Participants were patients aged 50–74 years who were scheduled for a routine (non-urgent
care) medical visit and were overdue for CRC screening, defined as not having completed a
home fecal occult blood test (FOBT) within the last year, a flexible sigmoidoscopy within
the last 5 years, or a colonoscopy within the last 10 years. Potentially eligible patients were
identified by querying the practice’s appointment schedule and electronic medical record for
completion of CRC screening. A research assistant using a telephone script called scheduled
patients to confirm eligibility and invite them to participate. A $10 gift card was offered for
participation. Exclusion criteria included recent rectal bleeding, inability to speak English,
or an obvious physical or mental impairment that would prevent a patient from interacting
with the computer.
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Participants arrived at the clinic 45 minutes before their scheduled appointment time. A
research assistant verbally administered a baseline questionnaire that included demographic
items, self-rated health status, questions about CRC screening and other preventive health
items, and the Rapid Estimate of Adult Literacy in Medicine (REALM).16 Using the
REALM, each patient was classified as having limited health literacy (≤8th-grade reading
level) or adequate health literacy (≥9th-grade reading level). Patients were then block
randomized, stratified by literacy level, to view either a web-based CRC screening decision
aid or a control program about prescription drug refills and safety. Both programs were
displayed on a computer with a touch screen monitor and external speakers. Participants
interacted with the programs in privacy.
The CRC screening decision aid, called CHOICE (Communicating Health Options through
Interactive Computer Education, version 6.0W), was based on a previously validated
videotape decision aid.17;18 The program is designed to be accessible to low-literacy patients
by using easy-to-understand audio segments, video clips, graphics, and animations (Figure 1
and viewable at http://intmedweb.wfubmc.edu/choice/choice.html). CHOICE begins with a
short introductory overview of CRC screening including CRC prevalence, the rationale for
screening, and a description of common screening tests (FOBT, flexible sigmoidoscopy, and
colonoscopy). The program then allows participants to choose to learn more about a specific
test, view comparisons of the tests, or end the program. Prior to exiting, participants indicate
their screening decision, and the program prints a corresponding one-page color handout.
The program encourages all patients to discuss their screening decision with their healthcare
provider. The control program about prescription drug refills and safety also incorporates
multimedia and interactivity.
Both programs were written in Flash CS4 Professional (Adobe Systems Inc., San Jose,
California) and displayed in web browsers. Immediately following each program,
participants completed a postprogram survey administered verbally by a research assistant
and then proceeded to their scheduled medical appointments. Healthcare providers were not
notified of patients’ enrollment in the study at any time, and study activities were conducted
on a separate floor from the clinic. No attempts were made to influence the content of the
medical visit, other than CHOICE encouraging patients to discuss CRC screening with their
healthcare providers.
Outcomes Assessment
The primary outcome of interest was receipt of CRC screening within 24 weeks of study
enrollment. This 24-week time frame was chosen a priori to allow participants time to
reschedule their colonoscopy once and still have their screening captured. Secondary
outcomes included patients’ ability to state a CRC test preference, patients’ change in
readiness to receive CRC screening, and CRC test ordering at the visit immediately
following the assigned program.
The study was designed to have 80% power to detect a 20% absolute difference in screening
completion between CHOICE and control patients within individual literacy strata (limited
literacy and adequate literacy). Assuming 15% of the control group would complete CRC
screening, the target sample size was 146 patients in each literacy level. This recruitment
goal was met for limited literacy patients, but due to slower than anticipated recruitment,
enrollment ended with 117 adequate literacy patients, reducing the power to 70% in that
stratum.
Receipt of CRC screening and test ordering were determined by chart review conducted by
data collectors masked to study assignment. Two researchers independently reviewed a
random sample of 10% of all charts, and there was 100% agreement. Patients’ ability to state
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a test preference was assessed on the postprogram survey by asking patients which CRC
screening test they would want if all tests were free. Responses were coded categorically (“I
don’t know enough about the tests to decide” versus choosing a specific testing option,
including choosing never to be tested).
Readiness to receive screening was measured at baseline and immediately after the
respective computer program with two identical questions: “Are you interested in being
screened for colon cancer in the next 3 months?” and “Do you plan to ask your doctor about
being screened for colon cancer at this visit?” Responses from these items were used to map
each patient to a pre-action readiness stage according to the TransTheoretical Model’s
Stages of Change: Precontemplation (not interested in being screened within the next 3
months), Contemplation (unsure if interested in screening but planning to discuss screening
at this visit, or interested in being screened but not at this visit), and Preparation for Action
(interested and plan to discuss screening immediately).19 Change in readiness to receive
screening was determined by comparing patients’ readiness stage after the program to their
baseline stage.
Data Analysis
Potential group differences in the baseline characteristics of the study participants were
assessed using chi-square tests for proportions and t-tests for means. Chi-square tests were
then used to assess unadjusted differences in the outcomes of interest. To guide the adjusted
analyses, the association of each baseline characteristic with the outcome of interest was
first analyzed bivariately. Logistic regression models were then created for each outcome,
including as covariates any baseline characteristics that were distributed unevenly by arm
(p<0.20) or associated with the outcome of interest in bivariate analyses (p<0.20). Potential
covariates included patient sociodemographic factors (age, gender, race, income,
employment status, marital status, health insurance status), patients’ self-rated health status,
patients’ baseline readiness for screening, and the training level of the clinician. Because the
mid-level clinicians all had greater than 10 years of practice experience, they were combined
with the attending physicians for all analyses. Each model also included literacy level and
tested for possible interactions between intervention and literacy. Similarly, each model
tested for a possible interaction between intervention and baseline readiness stage given that
the program may have different effects in patients with varying levels of readiness.
Interaction terms were retained in the final models if the p-values were less than 0.05.
Two of the outcomes of interest were partially dependent on healthcare providers (test
ordering and test completion). For these outcomes, generalized estimating equations were
used to control for potential clinician clustering. Data collection was completed in 2009, and
all analyses were completed in 2010 using SAS software version 9.1.3 (SAS Institute, Cary,
NC). Analyses were based on intention to treat. All tests for significance were two-sided
with an alpha of 0.05.
Results
Between November 2007 and September 2008, research assistants reached 401 eligible
patients by telephone who agreed to participate. Of these 401 patients, 264 arrived to the
clinic 45 minutes early as directed, were confirmed eligible, and were enrolled. An equal
number were randomized to the CRC decision aid (CHOICE) and the control program
(Figure 2). While abstracting charts for the outcomes of interest, study staff discovered 16
randomized patients met exclusion criteria (15 were up to date on CRC screening and 1
reported recent rectal bleeding). All 16 patients denied these criteria on their eligibility
questionnaires. Adhering to intention to treat principles, these 16 patients were included in
all analyses. A sensitivity analysis excluding these patients did not change the results.
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Table 1 displays patients’ baseline characteristics. The majority of the 264 participants were
female, African-American, unemployed, and had annual household incomes of < $20,000.
The mean age was 57.8 years. Approximately half rated their health status as poor or fair
(52%), and had limited health literacy skills (56%). The only demographic factor not evenly
distributed was lack of health insurance (32% of CHOICE patients vs 45% of control
patients).
Of the 132 patients randomized to the CHOICE program, 131 patients (99%) viewed the
6.3-minute introductory overview, and 55 patients (42%) chose to watch at least one other
segment of the program. One patient did not see the program due to a computer malfunction.
Overall, the median time viewing CHOICE was 10.1 minutes (interquartile range 7.7 – 13.4
minutes). Average viewing time did not differ by literacy level (p=0.91).
Overall Results
Table 2 summarizes the main outcomes of interest. More CHOICE patients than control
patients reported a preference for a specific CRC screening option after interacting with the
assigned program (84% vs 55%, p<0.0001). After controlling for marital status, insurance
status, literacy level, baseline readiness stage, and provider training, the odds of having a
test preference were approximately 5 times greater for CHOICE patients compared to
control program patients (OR 5.3, 95% CI 2.8, 10.1). Overall, the most preferred tests were
FOBT (37.9%) and colonoscopy (33.5%).
Approximately half of patients (129/264) entered the study at the Preparation for Action
stage, and therefore could not increase their readiness for screening further. For patients at
the Precontemplation or Contemplation stages, 52% (38/73) of CHOICE patients moved to a
more favorable stage on the postprogram surveys compared to 20% (12/61) of control
patients (p=0.0001). Few patients moved to a less favorable stage (6 CHOICE patients and 1
control patient). The increased readiness for screening associated with CHOICE remained
significant after controlling for demographic factors (OR 4.7, 95% CI 1.9, 11.9).
More decision-aid patients had CRC screening tests ordered immediately after they viewed
the program, but the difference was not significant (30% vs 21%, p=0.09). Adjusting for
demographics and provider training yielded similar results (OR 1.6, 95% CI 0.97, 2.8,
p=0.07). Similarly, there was a nonsignificant difference between groups in the proportion
of patients who completed a screening test within 24 weeks (19% for CHOICE vs 14% for
control, p=0.25). The difference in screening test completion remained nonsignificant after
adjustment for patient and provider factors (OR 1.7, 95% CI 0.88, 3.2, p=0.12).
In all analyses, there was no significant interaction between CHOICE and literacy level, or
between CHOICE and patients’ baseline readiness for screening.
Effect of Literacy Level
The intervention showed similar effects in limited literacy and adequate literacy patients
(Table 3). The CHOICE group was more likely than the control group to report a test
preference and to increase screening readiness compared to baseline, regardless of literacy
level. For both limited literacy and adequate literacy patients, the absolute differences in test
ordering and test completion associated with CHOICE were similar but not significant in
unadjusted or adjusted analyses.
Influence of Readiness to Receive Screening
Regardless of treatment arm, patients’ final derived stage (Precontemplation,
Contemplation, or Preparation for Action) predicted test ordering and completion. Patients
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in the Preparation for Action stage were three times more likely to have a screening test
ordered and completed when compared to patients in the Precontemplative stage (34.0% vs
8.2% for test ordering, p=0.0001; 22.2% vs 6.6% for test completion, p<0.01). Of note, only
one third of patients who indicated they wanted immediate screening had a screening test
ordered.
Discussion
The web-based decision aid (CHOICE) increased patients’ ability to state a test preference
and their readiness to receive screening, regardless of literacy level. In addition, more
CHOICE patients had CRC screening tests immediately ordered and completed, but these
differences were modest and did not reach significance.
Prior studies have examined the use of video or web-based interventions to increase CRC
screening. Patient education videos without a decision-aid component have shown mixed
results. Two trials found no significant increase in CRC screening,20;21 whereas a third
study in a Latino immigrant population and coupled with a provider reminder found
increased screening.22 None of these trials assessed patient literacy, and over 50% of
patients in the two former trials had at least some years of education beyond high school.
The CRC decision aids have shown more promise. One trial of a videotape-based decision
aid and a second trial of a web-based decision aid found increased screening rates.17;23
However, approximately 80% of patients in the videotape decision-aid trial were high school
graduates, and the web-based decision aid required reading skills and prior computer
experience.
A recent trial tested a CRC decision aid in a population with low educational attainment.24
Literacy levels were not formally measured, and the paper-based decision aid with
accompanying DVD was limited to fecal occult blood screening. Informed decision making
and knowledge were higher in the decision-aid group, but attitudes toward screening and
completion of screening were lower.
This current study represents the first time patient literacy has been measured in a CRC
decision- aid trial, allowing the effect of the decision aid to be examined in users with
varying literacy levels. This current study adds the important finding that a decision aid
developed for a mixed- literacy audience can effectively inform and motivate both low- and
adequate-literacy patients. Knowing that patients with varying literacy levels will be
amenable to a single easy-to- understand decision aid obviates the need to develop different
interventions for different literacy groups. Rather, creating an intervention appropriate for
lower-literacy patients should be well accepted across educational levels.
Several mechanisms could explain how CHOICE increased patients’ readiness to be
screened. On the simplest level, CHOICE serves as a “just in time” patient reminder, a
strategy known to increase screening rates.25;26 CHOICE also addresses lack of awareness
of the need for CRC screening, the most common barrier reported by patients.27 In addition,
by including reassuring interviews with patients who successfully completed screening,
CHOICE may decrease test anxiety and increase patients’ confidence in their ability to
complete the screening procedure. Lastly, a direct physician recommendation is one of the
most potent predictors of CRC screening, and CHOICE includes a video clip of a physician
recommending screening.28
Despite patients’ increased readiness to be screened, only one third of patients who wanted
immediate screening had a screening test ordered. This discrepancy suggests the presence of
additional system barriers, such as lack of time and competing priorities. Physicians often
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report insufficient time to address preventive services.29;30 If patients in this study presented
with acute problems requiring attention, less time would have been available to address
screening needs.
Communication difficulties may also contribute to the gap between patient intent and
screening. Low-literacy patients are particularly vulnerable to communication difficulties
and are less likely to ask questions in a medical visit.31;32 Although CHOICE encourages
patients to discuss their screening decisions with their doctors, further patient coaching may
be needed.
Increasing CRC screening will likely require a combination of system changes. One
advocated practice structure is the “patient-centered medical home” which states that
medical care should be coordinated, leverage information technology, and encourage active
patient participation.33
Combining CHOICE with standing orders that allow nurses to order CRC screening tests
could lessen the time demands on medical providers and potentially increase screening rates.
Telephone follow-up protocols for nursing staff to contact patients several days after
viewing CHOICE could provide another opportunity for patient coaching and screening
outside the medical visit.
This study has several limitations that should be considered. Despite the randomized design,
insurance status was not evenly distributed. For this reason, insurance status was included in
all multivariable models although it did not change the results. Second, research assistants
who administered post–decision aid questionnaires were not blinded; however, the clinical
outcome assessors were. Third, the study was not designed to detect small to modest-sized
effects (5%–10% increase in screening effects of the decision aid). Further study is
warranted to determine if the observed improvements in screening are robust.
The study was designed to examine the effects of a single administration of decision support
on immediate changes in screening readiness and test ordering, as well as test completion
over 24 weeks. Reinforcement of the initial message of CHOICE (through reminders or
additional information) may produce stronger effects. In addition, the chart reviews may
have missed screening performed outside the institution, but anecdotal experience indicates
that the practice’s low-income patients rarely receive screening services elsewhere.
Although healthcare providers were not notified of their patients’ participation, the
participants may have informed their healthcare providers of their enrollment which could
affect provider behavior.
Additional factors that may have affected screening utilization, such as transportation
difficulties and comorbidities, were not measured. Similarly, the study did not measure
whether patients discussed CRC screening with their healthcare providers or why patients
failed to complete screening. Lastly, as with any single site study, the findings may not
apply to other patient populations.
Conclusion
The web-based CRC screening decision aid (CHOICE) increased test preferences and
patients’ readiness to receive screening, irrespective of literacy level. The decision aid’s
ability to effectively convey information with little staff involvement may make it a valuable
resource for time-strapped clinics. Future research should focus on ways decision aids such
as CHOICE can be combined with other system-level interventions to increase CRC
screening.
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Representative screen shot from CHOICE program. All written text is read aloud by a
narrator. Patients interact with the program via a touch-screen monitor. The full decision aid
may be viewed at http://intmedweb.wfubmc.edu/choice/choice.html.
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Patient enrollment and randomization
a One patient allocated to CHOICE did not interact with the program due to a computer
malfunction.
PCP, primary care provider
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Table 1
Demographic characteristics of study sample at baseline, n(%) unless otherwise indicated
CHOICE (n=132) Control Program (n=132) p-value
Age, M (SD) 58.0 (6.7) 57.6 (6.7) 0.60
Female 87 (66) 90 (68) 0.69
African-American 100 (77) 93 (71) 0.28
Annual household income ($) 0.98
 <10,000 48 (39) 48 (39)
 10,000–19,999 45 (36) 45 (37)
 ≥20,000 31 (25) 29 (24)
Married/Living Together 31 (23) 41 (31) 0.17
Employed 37 (28) 30 (23) 0.30
Uninsureda 42 (32) 59 (45) 0.03
Education 0.50
 Less than high school 46 (35) 44 (33)
 High school diploma/GED 46 (35) 40 (30)
 Some college or greater 39 (30) 48 (36)
Health Literacy 0.90
 Limited (< 9th grade) 73 (55) 74 (56)
 Adequate (≥9th grade) 59 (45) 58 (44)
Self-reported Health Status 0.54
 Poor 16 (12) 22 (17)
 Fair 48 (36) 52 (40)
 Good 48 (36) 39 (30)
 Very Good/Excellent 20 (15) 18 (14)
Readiness for CRC screening 0.39
 Precontemplation 47 (36) 39 (30)
 Contemplation 26 (20) 23 (17)
 Preparation for Action 59 (45) 70 (53)
Training Level of Clinician 1.00
 Resident physician 55 (42) 55 (42)
 Attending or mid-level (PA, NP) 77 (58) 77 (58)
a
Includes nine patients with no commercial or governmental health insurance who were enrolled in a charity care program
CRC, colorectal cancer; GED, NP, nurse practitioner; PA, physician’s assistant
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